
AIRCRAFT ESTABLISHMENT..(U) OFFICE OF MAYAL RESEARCH
LONDON (ENGLAND) L L COBURN 69 JUL 86 ONRL-R-5-6

UNCLASSIFIED F/G 26/4 NL



L.2 1 2.2
Q6 M

-~ 13 12.0

iii i i -

II~l Itll ltil

t,25

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF SIANDARDS-1963 A

..

,,.

{ -- . i l 'il I { l .I 
I

-
I

.+!l 11 t"I i " "I I l, !1

i

l *- I ." I! * . . i ' t ."l%



A t- ONF

ONRL Report R
00+

Aerodynamics Research and Development at The Royal
Aircraft Establishment (RAE) Farnborough in the UK

CAPT L. Laddie Coburn, USN

July 9, 1986

DTIC
ELECTE
SEP 0 9 086

Approved for public release, distribution unlimited

U.S. Office of Naval Research, London

%



REPORT DOCUMENTATION PAGE
Is. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS

UNCLASSIFIED ______________________

2&, SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT

2b. DECLASSIFICATION /DOWNGRADING SCHEDULE ~,

4. PERFORMING ORGANIZATION REPORT NUMBER(S) Sr MONITORING ORGANIZATION REPORT NUMBER(S)

R- 5-86

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

US Office of Naval Research (If applicable) ______________________
Branch Office, London jONRL

kc. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City State, and ZIP Code)

Box 39
FPO, NY 09510

Sa. NAME OF FUNDING/ SPONSORING 1 b OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION J(If applicable)

kc. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. INO. NO ACCESSION NO.

11. TITLE (Include Securfty Classification)
Aerodynamics Research and Development at The Royal Aircraft Establishment (RAE)
Farnborough in the UK

12. PERSONAL AUTHOR(S)
CAPT L. Laddie Coburn, USN

13a. TYPE OF REPORT 13b. TIME COVERED 114.DT OF REPORT (Year. Mionth, Day) ISPAGE COUNT
Technical IFROM TO 9July 1986 6

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18, SUJBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Aerodynamics

ZU U4Wind tunnels

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

This report is a survey of the organization and division of functions of the RAE
research and development. It includes a summary that compares the UK MoD research
establishments with the US Navy laboratories.

20 DISTRIBUTION I AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFiCATION
MUNCLASSIFIEDIUNLIMITED 0 SAME AS RPT D TIC USERS UNCLASSIFIED

22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYMBOL

D0 FORM 1473,.84 MAR 83 APR edition may be used until exhausted SC~T LSIIAINO HSPG
All other editions are obsoleteo.

'*dw'A 19 .. , S.. 1.* 1 -- S.. '.-w



CONTENTS

Page

Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
RAE Research Aerodynamic Research Activities................................... I
Aerodynamics Department Research Activities....................................1I
Experimental Aerodynamics Research Facilities.................................. 3
Aerodynamics Department Organization .................... I....................... 3
Design Methods Division..................................................... 4
Lowd-Speed Aerodynamnics Division ................................................ 4
High-Speed Aerodynamics Division ............................................... 4

*Weapon System Aerodynamics Division............................................ 5
BAsic Aerodynamics Division .................................................... 5
CFD Research in the Basic Aerodynamics Division................................ 5
Summsary....................................................................... 5

AcceSioln For J

NTIS CRA&I
DTIC TAB
un~announ~ced

By .................... - --

EDist:ibutiOn

AvailabifitY Codes
Availi andfor

Dist spt~cialA



AERODYNAMICS RESEARCH AND DEVELOPMENT AT the three UK armed services. The RAE
THE ROYAL AIRCRAFT ESTABLISHMENT (RAE) organization within the UK MoD is shown
FARNBOROUGH IN THE UK in Figure 1. RAE is the lead establish-

ment for ,ve major components of CERN's
Introduction research program, as shown below:

The Royal Aircraft Establishment
(RAE), with primary locations at Farn- Major Field A--air vehicles
borough and Bedford, is the aircraft and aerodynamics astructures and materials
aerospace research and development (R&D) Major Field B--gas turbines
establishment of the UK Ministry of De- Major Field B--g tubies
fence (MoD) Procurement Executive (PE). Major Field D--space programs
To support the three armed services and Major Field D--space progra

the aerospace and aeroengine industries Major Field M--guided and air-launched
in the UK, the establishment conducts weapons.
and coordinates research into all as- The breakdown of expenditure for
pects of aircraft, weapons, satellites, extramural research funding within these
and aeroengines. Some aspects of radar major fields for RAE is shown in Fig-
and avionics R&D which are exceptions ure 2. Note that aerodynamics research
are performed at the Royal Signals and is about one-third of major field A and
Radar Establishment (RSRE), Malvern. is about 5 percent of the total extra-

In general terms, the majority of mural research budget.
the UK government's basic and applied Within the RAE management structure
research for aerospace systems is con- the Aerodynamics Department, headed by
ducted at RAE Farnborough, while engi- Dr. L. F. East, is under Deputy Director

neering development work leading to (A), as shown in Figure 3, who has re-
experimental flight test and evaluation sponsibility for leading research activ-
is conducted at RAE Bedford. At Bedford ities for major fields A and B. The
emphasis is placed on development and overall RAE management structure is

flight test of terrain-following sys- provided in Figure 3, and the depart-
tems, flight control systems for future mental division research activities
aircraft, flight simulation for aircraft under Deputy Director (A) are shown in
control systems, and advanced cockpit Figure 4.
displays and controls. Although both
sites have suitable airfields for flying Aerodynamics Department Research Activ-
experimental aircraft, the bulk of the ity
experimental flight tests are conducted Aerodynamics research has been a
at Bedford. The remainder of this arti- major activity at RAE since 1909, and
cle will discuss the organization at RAE the Aerodynamics Department, which is
Farnborough with emphasis on the Aero- also divided between Farnborough and
dynamics Department and its associated Bedford, has a worldwide reputation for

research divisions. A summary section advanced work in this field. The over-
will compare aerodynamic R&D at UK all objectives of the department's re-
research establishments with the US Navy search are: to advance the state of

laboratories' R&D efforts, aerodynamics research, to improve air-
craft/weapons performance, to reduce

RAE Research Aerodynamic Research Activ- aerospace systems costs, and to enhance
ities flight safety. To accomplish these ob-

The RAE research activities are jectives, the Aerodynamics Department
part of the Integrated MoD PE research works closely with the UK aircraft and
program, under the overall direction of engine industries, other departments in
the Controller R&D Establishments, Re- RAE, and other MoD organizations. The
search and Nuclear (CERN), which direct- department's activities include project

ly relate to the research interests of support for MoD systems projects as well
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programs. The major part of this work
is intramural, but a substantial contri- Deputy Director (A)
bution is made by government-funded ex-
tramural research, monitored by the L- SPEED S

AERODYNAMICS HIGH1 SPEED AERODYNAMICSdepartment. WEAPONS AERODYNAMICS

A key activity in the department's FLUID WECAMCS

aerodynamics research is the development AWORHINSS.IIE LICOPTE.R$

of accurate methods of computing sub- MATERILS 9 STRUCTURES STRUCTU A MEC.4ANICS
sonic, transonic, and supersonic flows NONSTRUCTR TERS

ANIALYSIS AND ASSESSMIENT

around aircraft and weapons configura-
tions in ways which allow for the ef- -oAY IYINSTALLATION

fects of boundary layers and wakes. PROPULSION COMBSTOAP TOSE

Fundamental work in this area is closely MATERIALS A ENGINEERIN RESEARC.

linked to research on the design and VR',CAL STSEMS OMPONEN SNAVL NGNERIG E "AWN AL E'NGINE ERING,

performance of wings, including multi- MAC INqY SISE s LsOs, r.F
WEST DRAYTON & COSIAM MARINE GAS TURBIPNES

element high-lift systems, for applica- PETROLEUoM CoEMISTRY A EC1NOG

tion to the design of military and civil
aircraft and their associated engine, .ANAGEMENTMENT SUPPORT UNIT

missile, and external store installa- LIBRARY SERVICES

tions. UNIVERfSIY LIAISON ACTIVITIES

Experimental Aerodynamics Research Fa- Figure 4. Research Activity under Deputy
cilities Director (A).

A consistent feature of the depart-
ment's contribution to progress in aero-
dynamics is the emphasis placed on the which summarizes the capabilities of the
validation of theoretical and computa- wind tunnels at Farnborough and Bedford
tional methods by correlation with care- is provided in Figure 5.
fully planned and executed experimental Experimental flight test and evalu-
programs. The Aerodynamics Department ation is equally important to support an
is well equipped with experimental and aerodynamics research program, and this
computational facilities. In addition is achieved by maintaining at RAE Farn-
to using a large number of special-pur- borough and Bedford a fleet of aircraft,
pose minicomputers, the department has both fixed-wing and helicopter, with
access to the RAE CRAY-IS system which each of them specifically adapted to
was installed and made operational in RDT&E project test flying. As shown in
June 1984. Due to the heavy demand of a Figure 3, all experimental flying falls
large number of computational aerody- directly under the RAE Commanding Offi-
namic research projects, over 60 percent cer, with an experimental flying depart-
of the RAE CRAY-IS CPU utilization is ment located at both Farnborough and
taken up by the Aerodynamics Department. Bedford to support each establishment's

The principal experimental facili- individual flight test requirements.
ties for aerodynamics research and de-
velopment are the wind tunnels located Aerodynamics Department Organization
at Farnborough and Bedford which covercur-
the Fnrouflght andiBedfo w er, rently staffed with some 120 scientists,
the entire flight regime from low-speed, engineers, technicians, and support
for takeoff and landing, to high super- staff. The department is divided into
sonic speeds for high-performance jet five divisions as shown below.

aircraft and guided weapons. These wind

tunnels provide the major national fa- AEI--Design Methods
cilities for UK MoD aerodynamics R&D and AE2--Low-Speed Aerodynamics
provide a significant contribution to AE3--High-Speed Aerodynamics
the UK's and Western Europe's industrial AE4--Weapon System Aerodynamics
aerodynamics research efforts. A chart AES--Basic Aerodynamics

3
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Tunnel Type Speed Range Maximum Main Use Location
Power

Rift X Bift Subsonic-unpressurised Up to 122 a/s 3.6 MW V/STOL research and weapons. F

l)(t x 9ft (1) Subsonic-unpressurised Up to 91 m/s 1.1 MW Civil & Military aircraft, weapons and B

research.

5 a 4.2m Subsonic-pressurised Up to L1O m/s 12.6 4W High quality tests on Civil and Military F
aireraft for landing and take-off and
research.

24ft Subsoniac-open jet Up to 52 m/s 1.5 MW Noise, rotors and propellers. Full-scale F
Anechoic tests on radar.

8tt x 6ft Subsonic/Transonic- M-O to 1.25 15 MW Civil & Military projects, research on swept F
pressurised wings.

X 8ft (1) Subsonic/Supersonic- M-0.15 to 0.9 60 KW High quality tests on Civil and Military B
pressurised and 1.4 to 2.5 projects and research.

I1t x 4ft High Supersonic- M-2.5-5.0 66 MW Weapons R&D; B
pressurised

No[IS: (1) Models easily interchangeable with the ARA 9ft x 8ft Transonic Tunnel.

(2) In addition there are several small hypersonic facilities that cover the speed range M-7 to 20.

Figure 5. The main wind tunnels at RAE.

A summary of each division's tech- Low-Speed Aerodyncanics Division
nical efforts and research emphasis is This division is concerned with ap-
provided below. plied aerodynamic research and develop-

ment related to helicopter airframes,
Design Methods Division fixed-wing aircraft, and weapons at low

This division is concerned with the subsonic speeds, with particular empha-
study of the aerodynamic characteristics sis on the influence of Reynolds number.and yflight behavior of cobat aircraft The work includes experimental programs

from subsonic to supersonic speeds and on the problems of weapons, helicopters,

acts as a focal point within the depart- combat aircraft, transport aircraft (in-

ment for the investigation of new design cluding propeller-driven types), and

concepts and the application of new de- components thereof. The division is
sign methods. In addition to steady responsible for the management and en-

hancement of the 5-in low-speed tunnel '
aerodynamic characteristics, the divi- an fo the rai low-speed tunnel

sio Isresonibl fo te sudyof and for the remaining low-speed tunnelssion is responsible for the study of
at Farnborough. The division also car-1

aircraft dynamic behavior using free- re ou e n e repaymen wor

flight models and special measuring rigs these facilities.

in wind tunnels, and the investigation

of time-dependent aerodynamic phenomena
affecting aircraft control. The division High-Speed Aerodynwnics Division

is responsible for the 8-ftx6-ft and This division is located principal-
2-ftx1 -ft transonic wind tunnels at ly at Bedford and is concerned with
Farnborough. applied aerodynamics related to the

4
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performance of weapons and aircraft in three-dimensional shapes. The work is
subsonic, transonic, and supersonic predominantly theoretical with some ex-
flight and with improved methods of perimental support, and relies heavily
prediction and design. The principal on the use of large-scale computers in
areas of work are weapon and aircraft the "supercomputer" class.
intakes and transonic/supersonic viscous
flows over wings. The division is re- CFD Research in the Basic Aerodynamics
sponsible for the 3-ftx4-ft-high super- Division
sonic, the 8-ftx8-ft subsonic/superson- The Basic Aerodynamics Division,
ic, the 13-ftx9-ft low-speed wind tun- currently headed by Mr. Steve Fiddes, is
nels and for the Central Computing Fa- divided into four sections. Two of these
cilities at RAE Bedford. The Division sections are involved with developing
Superintendent is also the Deputy Chief methods for calculating the character-
Superintendent of RAE Bedford. istics of complex flows about general

aerodynamic shapes, including complex

Weapon System Aerodynamics Division configurations. A third section focuses
on viscous-inviscid interactions andThis division is concerned with deeoscluainmtdsfrbn-

providing the aerodynamic knowledge and develops calculation methods for bound-
computational tools required to assess ary layers, wakes, and separated flows.
and enhance the performance of aircraft/ The fourth section, concerned with vis-

cous flows, develops advanced techniques
weapon systems, giving particular atten- for solving the Navier-Stokes equations
tion to the overall layout of combat
aircraft, the carriage .nd release of swlv asg fast-sl ution s for

air-to-air and ground-attack weapons on sligteElreutos(e S
botofixed-wng ircrnaft and eop- on 40-9:326-327 [1986] for a discussion ofboth fixed-wing aircraft and helicop- this work).

ters, the free flight of weapons (par-
ticularly guided weapons), and unmanned Summary
aircraft (UMA). The division is respon- Two factors stand out when cor-
sible for the study of the interactions
between configuration changes intended paring UK MoD research establishments

with US Navy laboratories. First, with
to reduce radar cross-section and aero- th en Nava rsearch

dynmi prfomace an fr ypesoic the exception of the Naval Researchdynamic performance, and for hypersonic Laboratory (NRL), where considerable

and low-density aerodynamics related to
in-house, unique, or basic research is

re-entry problems. In addition, the di- cnuse, uie o research s
conducted, the UK MoD research estab-vision coordinates project support and lishments, such as RAE Farnborough,

assessment within the Aerodynamics De- conduct considerably more intramural
partment. The division is responsible (in-house) basic and applied research
for the hypersonic facilities at RAE than do most US Navy laboratories andFarnborough.thnd motU Naylbroie ad

development centers. As an example of

this, RAE Farnborough's aerodynamics
adDresearch encompasses a broad spectrum of

Th' division is concerned with theoretical, applied, and experimental

obtaining a fundamental understanding of research activities similar to what is
fluid mechanics phenomena which influ- done at the Naval Air Development Cen-
ence the aerodynamic design of aircraft ter, Warminster, Pennsylvania, the Naval
and weapons, and with devising means of Air Test Ccnter, Patuxent River, Mary-
calculating, and thus predicting, the land, and Naval Weapons Center, China
resultant flow fields. The strategy Lake, California, as well as at various
adopted includes the calculation of flow NASA and DARPA research sites.
fields at transonic and supersonic Our US Navy laboratories (with the
speeds, the study of boundary layers, exception of NRL) and development
wakes, and separated flows with the centers are more involved with ad-
emphasis on application to practical vanced development (6.3) and full-scale

5t



engineering development efforts (6.4) in development centers as well as DARPA and
support of OPNAV/SYSCOM directed pro- NASA facilities to ascertain the breadth
jects. In the UK, when basic or applied and scope of US government directed
research efforts transition into a spe- aerodynamic research in th' US.
cific project, the project development This then allows the drawing of
effort is usually taken on by industry, some general comparisons between aero-
and the government establishment onLy dynamics research in the UK MoD research
monitors the development effort, but establishments and US government labo-
does not necessarily manage it or con- ratories. First, the UK research estab-
trol it unless so directed by the UK lishments have fewer assigned personnel,
MoD. in total, engaged in aerodynamics re-

This leads into the second differ- search and development than in the US,
ence between UK MoD research establish- but the UK effort is concentrated in one
ments and US Navy and other DoD service or two locations, so economies of scale
laboratories. The UK research labora- and efficiencies are generated that may
tories are organized to conduct research not occur in the US with aerodynamics
across a variety of scientific disci- researchers located at a variety of
plines in support of all the armed government laboratories. The UK aero-
forces under UK MoD direction and con- dynamics research is focused and prior-
trol. This means that the Aerodynamics itized to work on specific UK MoD pro-
Department of RAE Farnborough and Bed- grams that are of highest government
ford has aerodynamics research and de- interest; hence a broad scope of re-
velopment responsibility for not only search activity across all aerodynamic
the Royal Air Force, but the Royal Navy fields of interest may not be possible.
air arm and the Army's land-based The aerodynamic research efforts at RAE
airborne assault forces as well as some Farnborough, however, have long been
aspects of civil aviation and the UK recognized by US aircraft R&D and in-
space program. Thus the UK MoD scien- dustry personnel as first rate, and
tific and technical cadre of expertise close collaboration between US and UK
in aerodynamics research is concentrated government aerodynamics research person-
within the Aerodynamics Department at nel has been on-going for many years.
RAE Farnborough and Bedford. Converse- This close collaboration should certain-
ly, within the US DoD, one would have to ly continue in the future.
visit over 10 service laboratories and
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